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直接甲醇燃料电池（direct methanol fuel cell，DMFC）与全钒液流电池












poly(methyl methacrylate-co-vinylbenzey chloride-co-ethyl acrylate)，QAPMVE 膜）
和 季 铵 化 乙 烯 基 咪 唑 - 甲 基 丙 烯 酸 三 氟 乙 酯 共 聚 物 膜 （ Quaternized 






三个步骤来制备。30˚C 下三种反应配比的 QAPMVE 膜的电导率分别为 8.421 × 
10
-3
, 1.061 × 10
-2 和 1.479 × 10-2 S·cm-1，且膜电导率在 30 - 90˚C 范围内随着温度
的升高而升高。膜阻醇性能良好，甲醇渗透率低于 10–9 mol·cm-2·min-1。热稳定




















为 DMF，季铵化反应时间 10 h。当 VM:TFEMA=1:2 时，制得的 QAPTV 膜在蒸
馏水中的电导率最高可达 3.02 × 10-2 S·cm-1。QAPTV 膜具有良好阻钒离子性能，


























Direct methanol fuel cell (DMFC) and vanadium redox flow battery (VRB) have 
attracted more and more attention due to their design flexible, response speed fast and 
environment friendly and so on. DMFC and VRB are expected to have a wide 
application in military and transportation as a mobile power and energy storage 
system. However, there are presently several challenges for the commercial 
application of DMFC and VRB, such as the serious permeability of the electrolyte. 
The permeability of the electrolyte not only causes loss of the fuel, but also reduces 
the performance of the cell. Therefore, developing new ion exchange membrane with 
improved properties has been of great importance to the development of DMFC and 
VRB. 
In order to improve the performance of DMFC and VRB, new ion exchange 
membrane materials with low cost have been synthesized and their application in 
VRB evaluated. In the study, QAPMVE and QAPTV have been prepared for 
application in DMFC and VRB, respectively. The structure and the physicochemical 
properties, such as ion exchange capacity, water uptake, methanol/vanadium 
permeability and ionic conductivity of the membranes, have been investigated. 
Novel anion exchange membranes based on the copolymer of methyl 
methacrylate (MMA), vinylbenzyl chloride (VBC) and ethyl acrylate (EA) has been 
prepared through polymerization, quaternization and alkalization for the potential 
applications in direct methanol alkaline fuel cell. The ionic conductivities of the 
QAPMVE membranes are 8.421 × 10
−3
, 1.061 × 10
−2





deionized water at 30
◦
C, respectively, and the ionic conductivity increases with the 
increase of temperature from 30 to 90
◦
C. The methanol permeability coefficient of the 






 at 1 mol·L
−1
 in methanol solution within 
temperature between 30 and 60
◦
C. The QAPMVE membranes have good thermal 
stability at temperature lower than 200
◦













temperature as high as 60
◦
C. 
The anion exchange membranes designed for vanadium redox flow battery are 
based on the poly(2,2,2-Trifluoroethyl methacrylate-co-N-vinylimidazole) matrix 
containing the imidaloze as the conductive group. The different ratios of the reaction 
materials, the effect of the solutions and the time of the quaternization have been 
investigated. The conditions for preparing the membrane have been optimized. The 
membranes have been extensively characterized with the determination of their 
physicochemical and electrochemical properties. It is found that the ionic 




 in deionizer 
water at the temperature of 90˚C. The permeability coefficients (P) of vanadium ion 
(V(IV)) across the QAPTV membranes are 1.194 × 10
-7
, 5.255 × 10
-7







at 30 ˚C, 40 ˚C, 50 ˚C, respectively. The VRB using the QAPTV membrane 
has better performance than 99.2% of overall charge-discharge efficiency and can 
maintains more than 140 h. Therefore, the QAPTV membrane has good chemical 
stability in the vanadium redox flow battery and has a promising application prospect 
in VRB. 
 
Key Words: Direct methanol fuel cell; Vanadium redox flow battery;        
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图 1.1 阴离子交换膜的主体基团、同离子和反离子示意图 






















     表 1.1 给出了有机膜与无机膜优缺点的对比。 
 
表 1.1 有机膜和无机膜优缺点的对比[10] 
Table 1.1 Advantages and disvantages between organic and inorganic 
membranes 












































表 1.2 均相膜与异相膜的性能比较 
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